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ABSTRACT

The current trend for emplging three-dimensioal compuer
graphicsto representarchaeologicakitesis limited becase their
level of realismcanrot be guaranteedThe imagesthatare gener
atedmay look realistic,but often no attempthasbeenmadeto val-
idatetheir accurag. In orderfor the archaeologst to benefitfrom
computergeneatedrepresentationand usethemin a meaningfl
way, virtual pastervironmentsmustbe morethanprettypictures—
they mustaccuratelysimulateall the physicalevidence for the site
beingmodelled.

An oftenneglectedfacetof reconstructionss thelighting. Stan-
dard three-dimensioal modelling packayesdo not allow precise
controlover lighting values andasaresult,mary simulationsshav
the archaeolgical site under inapprriateor falselighting cond-
tions suchasthe bright, steadylight of the present.Experimental
archaeolog and realistic lighting simulationallow us to recreate
the original lighting of an archaeologiclasite and shaw it how it
might have looked to thosewho built andusedit. Predictve light-
ing alsoopensup new avenuef exploring how pastervironmerts
may have beenperceved, allowing usto investigateon a compuer
new hypothese aboutarchitectureart, andartefictsin a safe,non-
invasive manner

This paperoutlinestheneedfor percepual realismin virtual her
itage,andexaminescasestudiesvheretheapplicationof predictve
lighting technigeshave enhancedirchaetogicaliinterpretation.

Keywords:  Archaeolaical reconstruction,realistic compuer
graphicsyisual perception.

1 INTRODUCTION

Currentuseof realisticthree-dimensinal computergraphicsin ar

chaeolog provide the public with a glimpseof the pastthat might
otherwisebe difficult to visualise. However, often theseimages
arechosendueto their artisticimpact,andhave beenmanipulated
to provide the mostaestheticallypleasingrepresentationf a site.
To date,the emphasishasbeenon using suchimagesfor display

purposeswith interpretatve andresearctpurposegaking second
placeto the demandfor visually stunningpresentation.The per
vasive mediaof television and the Internet,and the public fasci-
nationfor the pasthave seenthe adoptionof computergeneated
representation$or entertainmethand eduation of the interested
layman,ratherthanasaresearchool for archaeolgists. For com-
putergraphicsto benefitthe archaeologal community they must
offer the archaeologst the chanceto extendor enharte their anal-
ysis of a site or artefact. The accurag of the imagesproducel
must thereforebe quantifiable— the archaeologt mustbe con-
fidentthat what they seein the generatedmageis comparableo
whatthey would have seenin the original example[Chalmersand
Devlin 2002].

Oneareaof realistic simulationsthat is often neglectedis that
of the original lighting of a site or artefact. Light cannotbe cap-
turedin thearchaetogical recordandconsejuentlyits importance
is rarely consideredn interpretationsof pastervironmerts. The
waysin which we view, perceve and understancbjectsis gov-
ernedby our currentlighting methodsof steadybrightelectriclight
or large windows, but in orderto understanchow an ervironment
andits contentsvereviewedin the pastwe mustconsidetow they
wereilluminated.

Standardhree-dimensinal modellingsoftwaretendsto basethe
lighting conditiors on daylight, fluorescentight or filamentbulbs
andnotthelampandcandlelightusedin past.In somecasesscenes
are illuminated with lighting valuesthat would be impossiblein
therealworld. Realisticlighting simulationmustaddressoththe
physicalinteractionof light in a sceneand the spectralprofile of
thelight source.With control over this, an accurately-litrepresen-
tation of an ervironmentcan be achieved and the virtual version
of anoriginal site or artefact canbe manipulatedwvithout having to
physicallytouchor harmtherealversion.

Much hasalreadybeendiscussedn the natureof realistic ar
chaeologicatepresentationiSpicer1988;Reilly 1991 Molyneaw
1992;Reilly 1992;Chalmerstal. 1995;Miller andRichards1995;
Ryan1996;Daniels1997;RobertsandRyan1997 Gillings 1999;
Batemar2000;Eiteljorg Il 2000;Kantner2000;ChalmersandDe-
vlin 2002] andthe danges of conjectureandartisticlicence. This
paperdeliberatelydoesnot debatethe merits of realistic graph-
ics, nor doesit attemptto definerealism. Instead,we provide a
framework for creatingcomputergeneatedarchaetogical repre-
sentationsvith quantifiablyaccuratdighting simulation,andshav
throughthe useof casestudieshow this cangenerateen hypothe-
sesfor thearchaetogist.

2 ACCURATE ILLUMINATION

Onceanarchaetpgicalsiteor arteficthasbeenmodelledin athree-
dimensionalmodelling packageit mustbe rendeed, that s, the
colours,textures, light and shadingare computed, thus produdng



thefinal two-dimensionhimagefrom thethree-dimensioal geom-
etry. In orderto obtainan approximatiorof the original lighting in
anarchaeologiclrepresetation, two factorsmustbe addresedin
therenderingprocessFirst, thespectracompositionof thelight —
the colour of thelight given off by the burning fuel — mustmatch
thatof thefuel typethatwould have beenusedin a specificarchae-
ologicalinstance.Secondthe distribution of this light — the path
it takesarounda sceneandthereflectionsandinter-reflectionsthat
occur— mustmimic thebehaiour of light in therealworld.

2.1 Lighting in past environments

The only traceof light in the archaetogical recordare the meth-
odsusedto provide it, bethey hearthscandlesJampsor windows.
In pre-industrialsocietiesdaylightwasthe regulatingfactorof the
working hours. If we comparethatto conditionstoday sunlightis
farlessrelevantto how we work [McNamaraetal. 1997]. The evi-

dencefrom architecturdells usthemostaboutlighting — alack of
glassanda needfor securityoften meantsmallerwindows, there-
fore dimmerinteriors. Going further backin time, the unyielding
darknesf a deepcave would requiresomeform of artificial light
for navigation purpcsesalone. It seemsplausiblethat objectsand
ervironments were affectedby the limitations of lighting, andthis
influencemay have extendedinto their design. By recreatingthe
meanf illumination for agivenervironmentandsimulatingit ac-
curately thearchaeologst may (literally) find new waysof viewing

things.

2.1.1 Creating and measuring the light sources

Thetypeof flamesthatwe wishto modelarediffusionwick flames.
A typical flameof this natureconsistsof threeparts:theinnercore,
theblueintermediateone andtheoutercore[GaydonandWolfard
1979]. Thesedifferentzonesproducedifferentemissionsdepend-
ing on thefuel type andervironmentconditions.

Theinitial stepin recreatinghelight sourcenvolvesexperimen-
tal archaeoloy. In consutation with the Departmentof Archae-
ology at the University of Bristol, varioustypesof possiblelight
sourcesverephysicallyrecreatedFigurel).

Figure 1: Experimentalarchaeolagy: physicd recorstruction of
fueltypes.

Theseincludedtallow candles(of vegetableorigin) and reeds
coatedin vegetabletallow, a renderedanimal fat lamp, beesvax
candles(processd and unrefined)and olive oil lamps (one with
olive ail only, onewith olive oil andsalt,andonewith olive oil and
water).

Eachof thesefuels producesa differentcolour whenburnt. To
obtainthis unique spectralprofile for eachfuel, detaileddatawas
gatheredusinga spectroradiorater a device thatmeasureshe ab-
solutevalueof the spectrakharacteristicsvithout makingphysical
contactwith the flame. The spectroradimetermeasureshe emis-
sion spectrumof thelight sourcein the visible bandwidthsn 5nm

increments.thus providing an accuratebreakawn of the flame-
light compositionof eachfuel type. The measuremes wereall
takenin acompletelydarkroom,andthe measurementseretaken
againsta diffusewhite powder (EastmarKodak Standard99% op-
tically pure). An averageof ten reading was calculatedfor each
fuel type.

The resultingluminaire datawas corvertedinto red, greenand
blue (RGB) valuesto enabledisplayon a compuer monitor These
RGB valuesprovide uswith the datarequiredduringthe rendering
procesgo simulatethefuel type of the original light source.

2.2 Predictive lighting

The adwent of ray-tracingand radiosityin compuer graphicshas
enabledthe simulation of light interaction, providing rendering
techniqueghat mimic the physicalbehaiour of light in a scene.
Despite the availability of physically-basedrendering software
mary userspreferto produceimagesthatareaestheticallypleasing
ratherthanperceptuallyaccurat§Ward1994. Also, wheretheuse
of predictie lighting softwaremay requiresomespecialistknowl-
edge,accesdo standardnodelling softwareis often availablein a
moreuserfriendly form. In mary caseghis canleadto problems
with the validity of computersimulationswherethe usermay —
dueto time or varying areasof expertise— lack the skills desired
to createa meaningfl model, thouch be fully ableto prodwce an
attractve picture.

The renderingpackage usedto createthe imagesfor the case
studiesin this paperis Greg Ward’s Radiance[Ward 1994]. Ra-
dianceis a lighting visualisationtool kit that accuratelycaptures
luminanceand radiancesmodelsa variety of illumination types,
supportsa variety of reflectancanodelsand suppats complicated
geometry[Ward Larsonand Shalespeare1994. The RGB val-
uesthat have beenmeasuredrom the original light sourcescan
be usedin Radianceas lighting valuesfor a computergeneated
model,meaningthata scenecanbe renderedunderits appropriate
lighting conditions.

2.3 Changes in perception

Corversionof the spectralprofile of theilluminantsto RGB values
for usein a computersimulationdoesleadto an appro<imation of

the colourspresent.However, at presentthis is the mosteffective

methodin termsof computatioml time and efficiengy. Evenwith

theapproxmation,significantperceptuatlifferenceselatedo vari-

ationsin fuel type areappareh Psychojysicaltestscanbe used
to validatesimulationsandcompae themwith realscenegMcNa-

maraetal. 1998;McNamaaetal. 2000 Chalmersetal. 2001].

Figure2: Simulationwith mod-
ern55wlighting.

Figure3: Thesamesceneunder
tallow lighting.

Figures2 and3 shawv atestscenecontaininga MacBethcolour
chartilluminatedwith modernlighting andlight from atallow can-
dle. The differencein fuel type hasa discernibleeffect on the
appearancef the MacBethchart. Given the type of lighting that



would have beenusedin pastervironments, this demorstrateshe
needto investigatesitesand artefactsundertheir original lighting
conditionsto ensurewe seethemasthey wereintendedto look.

3 CASE STUDIES

Thefollowing casestudiesdemonstratéow predictive lighting can

be usedto benefitthe archaetogist throughthe developmentand

testingof new hypothesesAll threeexamplesusethe techniques
describedabove, with the archaetogical datasettaken from, re-

spectvely, measurementmadeby a tape measurea scaleplan,

anda laserscanrer. All textureswere createdfrom photogaphs,
with theinclusionof a colour chartfor calibration.

3.1 Medieval House

Theinitial impetusfor work onvalidatedilluminationwastheques-
tion asto how medieval pots would have looked in their original
setting[McNamaraetal. 1997].

Figure4: Exampleof medieval pottery

This casestudy considerghe waysin which medieval interiors
wereilluminatedandhow lighting conditionsmightaffecttheways
in which objectswereperceved anddesigned

Figure5: Medieval housesimulation.

A computergereratedmodel of the hall of a mediezal town
housewascreated Themodd is basedn theMedieval Merchants
Housemuseumin Southamptona half-timberedstructurereno-
vatedby EnglishHeritageasaccuratelyas possibleto representa
13thcenturydwelling of someecoromic status.

Figure6: Medieval housesimulation(elevatedview).

This modelallows usto examinethe medieval potteryin aclose
approximatiorto its original setting(Figures5 and6. This reveals
detailsthat may bring insight into medieval ways of living. For
example,only thetop half of somejugs areglazedanddecorated,
andthis is perhapsndicative of how they wereilluminatedin use,
perhapsy daylight throughwindows or perhapgrom torcheshung
onwalls, suggestingnary potswould have looked brightestwhen
lit from above (Figure4).

Even morecrucial is the relationshipbetweenlight and colour.
As shawn, colourswill changen appearaneaccordingo thetypes
of light sourcepresent.Therecreationof mediesal lighting condi-
tionsis thereforeseenasa vital stepin compreheding attitudesto
colour, andeventuallyperhas, shapeanddecoration If thereis ary
symbolicmeaningn theuseof colouron potterythenthis mightbe
revealedthroughanexplorationof medieval perceptionthroughthe
recreatiorof a medieval environment. The modellingof arealistic
ernvironmert throughthe applicationof compuer graphics andpsy-
chophysicsis potentiallythe mostfar-reachingandflexible way of
exploring humanperceptionsn the past.

3.2 Pompeii Frescoes

For highly-decoraive interiors,predictive lighting canbe usefulin

testinghow a roommay have beenlaid out or usedby the original
inhabitants. The UNESCOWorld Heritagesite of the Archaeo-
logical Areasof Pompeii,Ercolanoand Torre Annunziatacontain
fine examplesof RomanfrescoesThe Houseof the Vettii in Pom-
peiiwaschoserfor thestudy with thework focusingonareception
roomoff thecolonradedsculpturegarderiNappo199§. Thisroom
is lavishly decoratedn the IV Style (Figure7) andwaschoserdue
to therich colours,good stateof preseration, and artistic effects
suchastrompel’oeil, a painting techniqe that deceves the eye
into viewing atwo-dimensioml imageashaving three-dimenienal
structure. The frescoeswere recordedphatographically with the



Figure7: Theroomin the Houseof the \kttii asit appears today

useof a colour chartfor calibrationpurposesandto identify illu-

minationlevels. A three-dimensioal modelwasgeneratedrom a
scaleplan. The mostreadily available fuel type for this areawas
deemedo beolive oil, sothe spectralprofile of the olive oil lamps
was usedto illuminate the scene. Also, a techniqte for including
real flame capturedfrom video footageandinsertedin the virtual

scenegave a realistic apparanceto the lampswithout having to

modelthe actualflame. Therefore the virtual scenecontainel the
correctillumination levels for a scendit by olive oil lamps,with a
realflameincorporatedFigure10). Full detailsof thiswork appear
in Devlin andChalmerq2001].

In theresultingimagesit is plainly demonstrale how thescenes
vary depemling on how they areilluminated. Undermodernlight-
ing condtions (Figure 8) suchaswe might seetoday the colours
arenotasvibrantasthey appeamunderlamplight (Figure9). When
viewed underolive oil lamp, thered andyellow paint of the fres-
coesis particularly well-emphasised Also, the trompel’'oeil art-
work resemblingmock windows andexternalarchitectureactually
takeson the appearace of arealview to the exterior asthe three-
dimensionadepthcuesareincreased.

Figure8: Simulationviewedun-
dermodernlighting.

Figure9: Simulationviewedun-
der olive oil lamp.

By changingthe numberandthe positionsof thelight sourcesn
theroom,variouseffectscanbe achieved.

It is possibleto testhow lighting may have beendistributedin
orderto highlight the artwork in the mosteffective manner Such
positioning of lighting may have determinedthe arrangemenbf
furniture in aroom. Again, suchmanipuationsare possiblewhen
working with avirtual versionof thescene.

3.3 Cave Art

As away of illustrating the potentialcompuer graphicshasto of-
fer archaeolog we considerthe prehistoricsite of CapBlanc. The
rock sheltersiteof CapBlanc,overlookingthe Beaunevalley in the

Figure10: Simulationviewedunde olive oil lamp, with furniture
to showshadoweffects.

Dordogne containsperhapshe mostdramaticandimpressie ex-
ampleof UpperPalaeolithichaut-reliefcarving. A frieze of horses,
bison and deer— someoverlaid on otherimages— was caned
somel5,000yearsagointo thelimestoneasdeeplyas45cms,cov-
ering 13mof thewall of the shelter Sinceits discovery in 1909 by
RaymondPeyrille severaldescriptionssketchesandsuneys of the
frieze have beenpublished, but they appear to be variablein their
detailandaccurag .

In 1999, a laserscanof was taken of part of the frieze (Fig-
ure 11) at 20mm precision[RobsonBrown et al. 2001], usingan
eye safelaserto ensuretherewas no possibility of damageto the
site. Figure 11 shows part of the frieze from Cap Blanc. Some

Figurel11: Part of thefriezefromCapBlanc.

55,000pointswereobtainedand corvertedinto atriangularmesh.
Using detailedphotograjs astextures(eachwith a rock art chart
to enalde colour calibration) and appropriatelighting values,the
modelwasthenrenderedn Radiance Figure 12 shavs the horse
illuminated by a simulated55W incandescentbulb (asin a low-

power floodlight), which is how visitors view the actualsite today

In Figure 13 the horseis now illuminated by an animalfat tallow

candleasit mayhave beenviewed15,000yearsago.As canbeseen
thedifferencebetweerthetwo imagess significantwith thecandle
illumination giving awarmerglow to the sceneaswell asincreas-
ing the shadavs. The dynanic natureof the flame,andits position



Figure12: Thesimulationunder55wincandescentbulb.

Figure13: Thesimulationunderanimalfat lamplight.

in theervironmert alsocontrituteto changesin percepion.

For this site, we wantedto investigatewhetherthe dynamicna-
ture of flame, coupledwith the careful use of three-dimensiora
structuremayhave beenusedby our prehistoricancestorso create
animationsin the cave art sitesof France,15,000yearsago. The
shadavs createdby the moving flamedo indeedappeatro give the
horsemotion. We will never know for certainwhetherthe artists
of the Upper Palaeolithicwerein fact creatinganimationsl5,000
yearsago, howvever the reconstructionglo shov that the effect is
certainly possible. Thereis other intriguing evidence to suppat
this hypothesis As canbe seenin thefigures,thelegs of the horse
arenot presenin ary detail. This haslong beenbelievedto bedue
to erosion,but this doesnot explain why is therestof the horsenot
equally eroded. The possibility exists that the legs were deliber
atelynotcanedin ary detail, therebyaccentuatingany motion by
creatingsomeform of motionblur. Furthermordracesof redochre
have beenfoundonthecarvings. It is interestingo speculateagain
whetherthe applicationof red ochreat key points on the horses
anatomymay also have beenusedto enharce any motion effects.
Again, lighting simulationprovidesan opportunity to explore such
scenarios.

4 THE NEED FOR CONTEXT

Theaccuratesimulationof lighting typeanddistribution goessome
way to quantifyingthelevel of realismin acomputergeneatedrep-
resentationput the imagemuststill be placedin context to avoid
misinterpretationTheprovision of additionalinformation— meta-
data— is still necessary

In a subjectsuchasarchaetogy wherealternatve explanations
may be equally plausible,the option to move betweena number
of differentinterpretationds undowtedly important. A form of
standardisatioms mostdesirable but ratherimpracticalgiven the
diversescopeof the subject.In the sameway thatthe archaeolog-
ical evidence on an excavation needsto be recordedasthorowghly
aspossible,so too doesthe processusedto createthe computer

generatedepresentationsothatall thefactorsmight bedisplayed,
allowing the userto male up their own mind basedon the support-
ing material. If we strive to provide information aboutthe under-
lying decisionstaken in the creationof our work then our virtual
worlds have the potentialof beingmeanindul, usefulpiecesof in-
formation.

Additionally, displayfactorsneedto betakeninto consiceration
so that coloursandlight levels are portrayedeffectively, whether
thefinal imageis shavn on acompuer monitor, on anaudio-visual
displaysystempr asa printedpage[ChalmersandDevlin 2002].

5 CONCLUSIONS

This researchinto colour and light hasshavn how easyit is for

our own precorceptionsto intrudeinto the wayswe view archae-
ological objectsor sites. The aim is to find methodsof analysis
that could take us beyond thosetypical questionsof chronoloy

andprovenance If the goal of archaetogy is to provide insights
into thelivesof pastindividuas, commurities andculturesthenwe

needto shav a greaterrespector the thingsthey have left behind
andattemptmorerefinedwaysof understanihg them.

A definitive explanationshouldnever be expectedin archaeol-
ogy. Archaeologyby its very natureis dynamic,with new ideassur
facingdaily. Visualisinga pastervironmentis fraughtwith difficul-
ties from the outset,so a meansof validating computergeneated
representationgrovides anexciting opportunity to explore andtest
new ideas,with computergraplics becomingas beneficialto the
archaeologisasthey areto thepublic.
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